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Abstract. A novel probiotic food was developed, Granolact™, comprising of lactic acid 
bacteria enriched germinated wheat flakes. The wheat germinates in 3 days following an 
original biotechnological scheme. The originality consists in times given to the wet 
moisturing stages that alternate with the dry moisturing ones as well as the short surface 
treatment, with various starter cultures of lactic bacteria selected as having antimicrobial 
activity. Starter cultures were added to the germinating wheat, in the third stage of 
moisturizing, to a ratio of 500 mL inoculum per kg, in two technological variants: a short term 
treatment, for 30 min, and a long one, for 60 min. A number of three bacterial strains of 
Lactobacillus plantarum, 13GAL, 14GAL and 15GAL, and two of Lactobacillus brevis, 
16GAL and 17GAL respectively, were used. Results show a drastic decrease in counts for 
contaminants leading to a safe product, in compliance with current microbiological 
specifications. No influence upon activity of the enzymes involved in wheat germination was 
noticed. A 90 day monitoring period was used for assessing product stability, as well as the 
viability of the probiotic strains, adherent to the surface of the flakes. The shelf life of the 
product was found to be two weeks, although a probiotic activity of lactic acid bacteria was 




From the very diverse range of „protective foods” (that naturally have a rich content of 
active biologic compounds) the derived germinated sorts have a larger use in human nutrition 
(9). In our country Prof. Dr. Eng. Segal Brad, has initiated in 1993 the industrial processing of 
germinated wheat products (Granovit) that have been delivered to the market in 1995.  
Because of commercial interest for functional food containing probiotics, the scientific 
interests in these products has also incresed. Probiotics can be defined as „alive 
microorganisms that after being eaten in a certain number, bring benefits to consumer`s health 
apart from their whole nutritional quality of the food where they could be found” (10). 
According to Fuller (1992) probiotics are biopreparations containing living cells or 
metabolites of stabilized autochthonous microorganisms that optimize the colonization and 
composition of gut microflora in both animals and humans and have a stimulative effect on 
digestive processes and the immunity of the host. Probiotics are effectively being used in the 
food industry, agriculture and human and veterinary medicine (1,2,5).  
Lactic acid bacteria (LAB) are considered traditional probiotics. They are used from 
very ancient times especially in milk processing firstly thanks to their fermentative properties, 
but also as a protective and safety factor (towards deterioration) (3,6). The species of 
Lactobacillus belong to human intestinal microbiota, and by producing vitamins and 
enzymes, they have a positive effect on host human metabolism. By producing antimicrobial 
compounds they can bring therapeutic benefits to the host body checking the pathogen 
proliferation (4,7,8). 
Recently, the researches in the food biotechnologies are centred on careful isolation and 
selection of new „safety” strains of Lactobacillus that could ensure the microbiological 
security of the food and bring benefits to the consumer`s health (11).  
 
MATERIAL AND METHODS 
 
The wheat germinates in 3 days following an original biotechnological scheme 
illustrated in Fig. 1.             
   C’   EXPERIMENT                                             CONTROL                                         C    EXPERIMENT 
Wheat                                                         
↓ ↓ ↓ 
 Mecanical conditioning           
 ↓ ↓ ↓ 
Washing I 
 ↓ ↓ ↓ 
Wet moisturing (under water)  (until 14 hrs.) 
↓ ↓ ↓ 
Dry moisturing (after drain water)  (until 24 hrs.) 
↓ ↓ ↓ 
 Washing II                                                
↓ ↓ ↓ 
Wet moisturing (under water) 4 hrs. 
↓ ↓↓ 
Dry moisturing (after drain water) (until 48 hrs.) 
Surface treatment with                                                 ↓ ↓↓                                                  Surface treatment with 
  lactic acid bacteria                                                 Washing III                                                 lactic acid bacteria 
        60 min.                                                                     ↓                                                                30 min 
Wet moisturing (under water ) 4 hrs. 
↓ 
         Dry moisturing (after drain water)  (until 72 hrs.) 
↓↓↓ 
   Germination 3 days 
                 ↓ ↓↓                   
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  ↓↓↓ 
     GRANOVIT       GRANOLACT 
      Fig. 1. Germinating  biotechnological  scheme. 
 
The originality consists in times given to the wet moisturing stages that alternate with 
the dry moisturing ones as well as the short surface treatment, with various starter cultures of 
lactic bacteria selected as having antimicrobial activity, treatment carried out in order to get a 
probiotic product (GranolactTM). The lactic bacteria strains were innoculated in a ratio of 2% 
in 500 ml MRS (Microbiologycal Manual, Merck, 2000) solid medium that were used for a 
surface treatment in the third stage of wet wheat, after the III rd washing. Thus the surface 
treatment time was 30 min. (C version) and 60 min. (C’ version) respectively, and the ratio 
used was 500 ml inocul/kg wheat. The similar treatments applied in the previous wet 
moisturing (under water) stages I and II, as well as the extension of immersion time of 
cariopses in starter cultures result in the germination slowing down because enzymes involved 
in this process are affected by the drastic pH drop without bringing any additional benefit to 
the end product microbiological quality. 
Strains used in the surface treatment within the biotechnological process is isolated in 
the Laboratory of Microbiology within the Faculty of Food Science and Engineering Galati, 
from epiphytic microbiota of wheat cariopses. The strains isolated were characterized from 
the morphological and biochemical point of view and were identified using the API 50 CHL 
tests and the API 20 Strep. test from BioMerieux. Thus: the 13GAL, 14GAL, 15GAL strains 
are Lb. plantarum and the 16GAL, 17GAL are Lb. brevis. All strains were stored in the 
laboratory collection at - 70°C in appropriate medium represented by MRS supplemented 
with 20% glycerol. Primary cultures were obtained after cultivated in MRS liquid medium in 
order to obtain mid-logarithmic phase cultures that were further used in our experiments. 
In order to evaluate the microbiological quality of the end product got after using each 
strain of lactic bacteria with proved antimicrobian activity, through cultural methods have 
been established, the following microorganisms groups: 
1. Aerobe mesophile organotrophic bacteria, by growing on BCA (broth-meat-
agar, Microbiology of  Food., C. Tofan, 2002) 48h at 37°C with determination 
CFU/g; 
2. Yeasts and moulds by growing on MEA (Malt extract agar, Microbiology of  
Food., C. Tofan, 2002)  3 – 5 days at 28°C with determination CFU/g 
3. Determination the possible number of coliforms (PNC/ml) through:  
• pressuming test – growing in medium BL with Durham tube (lactosed 
broth, Microbiology of  Food., C. Tofan, 2002) in two test-tubes for each dillution, 
48h at 37°C and  
• setting the characteristic number by confirming test – growing from 
positive test – tubes at pressuming test on BLBV medium with Durham tube 
(Broth, lactose, bile, briliant green, Microbiology of  Food., C. Tofan, 2002), 48h 
at 37°C. 
In table 1 prezent the maximum limits admitted for some reference microorganisms for 
Granovit poduct. According to the wheat quality raw material used in processing the flakes, to 
storing and transport conditions till its entrance to the processing operations as well as gently 
temperature and humidity conditions during the working stages, for the features discussed, the 
values vary in quite large limits and most of the times they overpass the admissible 
conditions. 
Table 1. Quality Microbiological Standards of Granovit Products 
Characteristics Admissibility conditions 
Total number of germs /g, max. 
Yeast and moulds /g, max. 
The coliformed bacteria /1g, max 
Salmonella /25 g 
Sulphitoreductible bacteria /0,1g, max 








RESULTS AND DISCUSSIONS 
 
Efficiency of the surface biotechnological treatment with the Lactobacillus sp. 13 – 
17GAL strains, over the end product microbiological quality can be noticed from the table 2 
analysis. Improvement of the end product microbiological quality is clearer in the C 
biotechnological version, so as the product can comply with the quality microbiological 
norms imposed for such a natural food prepared by drying at mild temperature. 
 
Table 2. End product microbiological analysis in biotechnological version C and C’ 
Strains Aerobe mezophile bacteria (CFU/g) Yeasts and moulds (CFU/g) Coliforms bacteria (PNC/g) 
 C C’ C C’ C C’ 
Control 1,2 ³ 107 1,4 ³ 105 1,3 ³ 104 
13 GAL 1,5 ³ 105 2 ³ 105 4,3 ³ 102 1,5 ³ 105 2 ³ 105 4,3 ³ 102 
14 GAL 1,8 ³ 105 2 ³ 105 5,5 ³ 102 1,8 ³ 105 2 ³ 105 5,5 ³ 102 
15 GAL 2,1 ³ 105 3 ³ 105 1,8 ³ 102 2,1 ³ 105 3 ³ 105 1,8 ³ 102 
16 GAL 1,2 ³ 105 2,5 ³ 105 < 1 ³ 102 1,2 ³ 105 2,5 ³ 105 < 1 ³ 102 
17 GAL 1,3 ³ 105 2,5 ³ 105 1,2 ³ 102 1,3 ³ 105 2,5 ³ 105 1,2 ³ 102 
 
Of the 5 strains isolated from wheat microbiota: Lactobacillus sp. 13GAL, 14GAL, 
15GAL, 16GAL, 17GAL, 16GAL is the most effective (tab. 2). Thus, considering the 
microbiological analysis of end-product obtained in   the C version, with this strain, the 
number of aerobic mesophile bacteria is the lowest: 1,2³105 CFU/g (value in line with the firm 
standard - 3³105CFU/g,), the number of yeasts and moulds is in compliance with the 
microbiological standard  (<102CFU/g), and the possible number of coliforms for this product 
is 2,5³102/g, value that is much lower than the maximum limit allowed by the microbiological 
standards in effect.  
The total number of aerobic bacteria, mesophile, of yeasts, moulds and coliforms, in 
parallel with the development of lactic bacteria, in the product obtained by surface treatment 





Tab. 3. Microbiological quality of Granolact probiotic product during storage 
Number of microorganisms after Microbiological 






1,2 ³ 106 8 ³ 105 3 ³ 105 2 ³ 105 4 ³ 103 2,5 ³ 103 
Yeasts and 
moulds (CFU/g) 4 ³ 10
3
 7 ³ 103 8 ³ 103 7 ³ 103 7 ³ 103 6 ³ 103 2 ³ 103 
Coliforms 
bacteria (PNC/g) 6 ³ 10
2
 5 ³ 102 5 ³ 102 3 ³ 102 2,5 ³ 102 1,3 ³ 102 0,6 ³ 102 
Lactic acid 
bacteria (CFU /g) 1,2 ³ 10
6
 1 ³ 106 7 ³ 105 2 ³ 105 9 ³ 104 3,7 ³ 103 3 ³ 103 
 
The number of bacteria, both aerobic mesophile bacteria and coliforms, drastically 
diminishes after 2 weeks of product storage improving significantly the product 
microbiological quality. The values of all microbiological parameters drop significantly below 
the limits allowed in the quality standard. Thus, aerobic, mesophile bacteria are decreasing 
from 1,8³106 CFU/g previously, to 2,5³103 CFU/g in the third month of storage. Of the total 
number of bacteria retrieved on the gram of product, 92,5% is lactic bacteria adsorbed during 
the germinated wheat surface treatment. Coliforms reduce numerically from 6³102 to 0,6³102 
improving considerably the food safety of the Granolact product (fig.2). 
The number of yeasts is doubled in the first 2 weeks of Granolact product storage, then 
it maintains relatively steady up to the second month, and in the third month of storage the 
number of ufc/g of product decreases below its value at the time of production (fig. 2). It 
should be mentioned that moulds have not developed during the entire period surveyed. 
Nevertheless the number of lactic bacteria in the probiotic product diminishes 
proportionally, after a month of storage representing 9³104CFU/g, less than 10% of the 
previous number (1,2³106 CFU/g), probably due to dewatering in the drying stage of 
germinated wheat and to the lack of a nutritional sublayer accessible in the storage period. 
After three months of storage, 3³103CFU/g of lactic bacteria is found in the Granolact product 
(fig. 2). Under the circumstances, reduction of the guarantee period of the probiotic product 
marketed in this dry form is required, in maximum 2 weeks, when approximately 50% of the 
previous lactic bacteria is found on the surface of  the Granolact flakes, though it is known 
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 Although hygienico-sanitary standards are clasically complied with during the process 
stages of making products based on Granovit germinated wheat, the producer has often 
faces difficulties related to securing the microbiological quality of end-products and its 
maintenance below the maximum allowed limits. 
 Minimum processing and optimum physico-chemical conditions for the development 
of contaminated microorganisms, correlated with higher wetting, germination and slow 
drying periods represent the main causes related to  microorganism multiplication  and 
sturdy contamination of end-products. 
 Taking into account the appreciated germicidal effect of metabolism products related 
to lactic bacteria, two versions of biotechnological surface treatment of wheat grain have 
been foreseen, with variable immersion times in the starter culture. 
 Efficiency of biotechnological treatment is proved by the severe reduction of 
microbial load of end-products, with a significant effect in C version (with short 
immersion time, of 30 minutes, in the starter culture) that is more effective concerning all 
microbiological parameters surveyed and does not affect germination. The degree of 
reduction being ranged between 55% and 99% in case of mezophilic aerobic bacteria, 
between 64% and 99,93% in case of yeasts and moulds and between 53,85% and 98,08% 
in case of coliform bacteria. 
 Although all selected strains have a reduction effect over the microbiological 
parameters tested below the limit required by the firm standard, Lb. brevis 16GAL strain 
have remarked as it ensures the best food safety of the Granolact end product. 
 Retrieving lactic bacteria in the microbiota of Granolact germinated wheat flakes, 
proves they keep their viability after drying as well in a temperature range of 42…45°C, 
thus providing the end-product the quality of a probiotic functional food.  
 During storage product the food safety improves, but if its probioctic effect is aimed 
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